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summary
nformation avallable
s1af 1 November 1982
was wsed In this report.

Uzen Qilfield:-A Case Study_ )
of Sovlet Mismanagement o e

Discovery of the Uzen oilficld on the Mangyshlak Peninsuln in 1961 gave
Sovict energy planners high expectations for the potential countribution that
it and the other ficlds in surrounding Kazakhstan would make to national
oil production. Development of the petroleum resources of West Siberia
had not yct begun, and the Sovicts were scarching for advantagcously
located deposits in the western USSR rich enough to replace the Valga-
Urals ficlds when they began to decline. Sovict geologists had asscssed the
hydrocarbon content of the Caspian Sca basin-as high and were looking to
the {uture of Uzen with optimism.

Some 20 ycars lalcr. however, Sovict literaturc and other reporting suggest
that Uzcn oilficld has not met Sovict cxpectations. Although the ficld
contained enough potential reserves at discovery to place it in the medium-
giant category—an oilficld must contain 500 million barrcls of rccoverable
rescrves 1o be considerced a ginnt—Sovict engincers have been unable to
overcome recovery problems caused by the complexity of the reservoirs and
the poor characteristics of the crude oil. As a result, the rescrvoirs have
been permancently damaged and annual field output has lagged far behind
production goals. Our analysis of possiblc future production scenarios
shows that the observed decline of Uzen—the ficld peaked in 1975—will
continue at lcast through the year 2000. Wc scc no prospects for anything
morc than a slowing of this trend rcgardless of any new strategics the
Sovicts may cmploy.

In large measurc, Uzen provides an exccllent case st:udy of how poor ficld
management and the traditional Sovict crphasis on tnitial high output
ratcs can lower long-term oil production. The Sovicts are currently
attempting to rchabilitate Uzen with a varicty of cxpensive Western -
recovery processes and cquipment, much of which is inappropriatc, accord-
ing to our enginecring analysis. This suggests that developers at other ficlds
in Kazakhstan and perhaps the rest of the country may perpctusate
mistakes made at Uzen. In view of the likclihood of continucd inappropri-
ate development practices and difficultics in obtaining Western cquipment,
we doubt that Kazakhstan will offer the USSR a significant source of
additional oil production over this décadc.
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. - Uzen Ollfield: A Case Study
- . of Soviet Mismanagemen!

Background

The Kazakh SSR currently provides the USSR with
about 3 percent of its oil supply. Although this
contribution is refatively small, open sources Indicate
that the Sovicts rcgard both the onshorc and offshore
potential of the entire Kazakhstan-Caspian Sca arca
as significant (figure 1). Kazakhstan and the Timan-
Pcchora region of the Komi ASSR arc the two areas
outside of West Siberia that have shown the greatest
growth in petroleum production during recent y'cnrs.
and many Sovict oil experts rate their patential for
futurc increascs as high.

Thus far, however, the Sovicts have been frustrated in
their cfforts to make the key oilficlds in Kazakhstan
mecet cxpectations. The high viscosity and paraffin
content of the oil have presented a special, and rather
unfamiliar, challenge 1o Sovict engincers, one that has
led thein to experiment—often unsuccessfutly—with
a varicty of oil recovery techniques

From an intclligence standpoint the ficlds of Kazakh-
stan arc of particular interest for two reasons:

« Growth in oil output outside of West Siberia has
largely come to a halt at a time when national oil
output is in the doldrums. Sovict oil prospects
during this decade could improve significantly if the
Sovicts could turn their luck around in a region
where large amounts of oil remain and the preduc-
tion infrastructure is already in place. According to
Sovict literature, some Sovict geologists think that
Kazakhstan might be such a region.

\
The Sovict oil industry has been consistently trou-
blcd by its poor exccution and faulty ficld develop-
ment practices. Nowhere has this been more appar-
cnt than at Uzen oilficld in Kazakhsian, which
provides a uscful case study of the limited ability of
the Seic ojl industry to develop difficult oil depos-
i .

Our Analytical Approack

The Soviets have not published detailed field produc-
tion data for some tlme. particularly for major
ollfields. The little tnformation they have made*
available has usually been conflicting or simply not
credible. § et

T To make matters worse, the Soviels treat
data loncerning thelr oil reserves as a state secrel;
consequently. we do not know what they currcntly
believe their reserves to be—much less what those
reserves might actually be.

To overcome this lack of information, we have devel-
oped methodologics that permit us 10 estimate cur-
rent production and reserves at major Soviet oilficlds
and to profect future yields under alternative devel-
opmient scenarios. Our approach involves the cpplica-
tion of advanced techniques of geologic and rescrvoir
engineering analysis
- J'he validity of this

methodology rests on the fact that the behavior of an
oilficld and its reservoirs is sirictly governed by a sct
aof fairly well understood physical laws.

Uzen Ollifield

Uzen is the largest of a series of major oilliclds
located near the coast of the Caspian Sca in Kazakh-
stan's Mangyshlak Oblast (figurc 2). The Sovicts
discovered the Uzen ficld in 1961 after an extensive
cxploration program begun before World War Il in
the Caspian Sca basin. In the carly 1960s the Sovicts
faced an cncrgy supply situation somewhat similar to
the onc confronting them today. Most of the ail
production was coming from a singlc region, the
Volga-Urals, which was rcaching its capacity. With

.
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Figure 1
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growth in national production slowing, Sovict geolo-
gists were looking for a scrics of new, oil-rich depos-
its—prefcrably located in the western USSR close to
cxisting production infrastructure and rcfineries—
that could boost growth and cventually replace the
output from the Volga-Urals region. At that time, the
Sovicts had not fully cvaluated the potential of West
Siberia nor begun production operations there. Sovict
literaturc indicates that Uzen, which appearcd to be a
possible supergiant, was initially viewed as a ficld
with grcat promisc that would play a significant rolc
in Soviet cnergy resource planning during the 1960s
and 1970: ’

Oll in Place and Reserves

Our volumetric calculn(ions—-c- H . .
jand Sovict geologic maps—indicate that the reser-

voirs at Uzcn originally containced some 7 billion

Seeee—

barrels of oil. Nevertheless, the ficld has been difficult
to develop. We know from reports of Sovict and
Western geologists who have cvaluated the ficld that
production comecs from at least 25 individual sand-
stonc reservoirs and that the rock and fluid propertics
vary widely not only from onc reservoir to another but
also within cach reservoir. Producing oil from such
hetcrogencous, complex reservoirs presents an engi-
neering challenge the* he Soviets have found difficult
to meet (figurce 3j

The high paraffin content of Uzcen oil has also caused
problems for the Sovicts. Paraffin remains in solution
at natural reservoir temperature and pressure but will
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Flgure 3 . )
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crystallize and collcct in rescrvoir rock void space and
on pipce surfaces vhen the temperature of the oil
drops. At Uzesi a drop i crudce oil temperature of
aonly 5° C to 10° C causes paraffin formation. Such
narrow tcmperature tolerance complicates both the
operetion of the ficld and the surfacc treatment and
lrnnsporu\'xon of tho oil

Because of Sovicl inability to dcvise an cffective ficld
dcvclopment plan and o handlc the paraffin problem.
we belicve, based on our cngincering analysis, that no
mocc than onc-fourth of Uzcn's original oil in placc
will be produced during the lifc of the ficld. A 25-
percent recovery factor would place Uzen's recovet-
able reserves at some 1.75 billion barrels—or in the
mcdium-giant catcgory. Undcr normal Western prac-
tices, we belicve a 30- to 3S-nrreent recavery factor
could have been achieved

. fi e anll -

Field Development .
Production at Uzcn began in 1965, and the Sovicts
worked to develop the ficld rapidly to offsct expecied
dcclines clsewhere in the USSR. By the end of the
first ycar, production was averaging slightly over
13,000 barrcls per day (b/d)—or nearly 5 million
barrcls for the first 12 months. Althouyh production

‘increased in the next few ycars, the Sovicts werc not

able to achicve the production goals they had set. The
Soviets have admitted the ficld never reached the
1970 production goal of 400,000 b/d and prematurely
peaked in 1975 at about 340,000 b/d. Production has
since steadily declined at approximutely 10 percent
cach ycar, and now probably stands at about 165,000
b/d, according te av- ang -~ ‘ing unalysxs of the
production trenc




Thc original development plan for Uzen—as pub-
lished by the Sovicts—called for parallel rows of hot
water injection wells perpendicular to the long axis of
the ficld. dividing the ficld into ‘!‘:locks of production
wells.

- )
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Sovict literature suggests—and our cngineering anal-
ysis confirms—that Uzen's troubled production histo-
ry owes its origins to reservoir damage that occurred
in 1967 when the Sovicts, in their rush to boost
production, initiated a ficld-wide injection prograrn
using cold, untreated Caspian Sca watcr. The cooling
cffect of the injected scawater caused the paraffin to
solidify and clog the reservoir pore spaccs, cspecially
in the arcas surrounding the injection wells. The
paraffin plugging reduced the ability of the injected
water to sweeb the oil toward production wells. The
injected watcr also tended to take the coursc of least
resistance through the more permeablc zones of the
reservoir rock, thus bypassing oil in some arcas and
causing rapid rises in the water cut the proportion of
water produced with the oil.

Soviet ficld managers were well awarc that rapid
dcvclopment of the ficld could cuuse grave difficultics
for futurc rccovery, but they procceded anyway.
According to onc open source, at <carly as 1967
scientists at the Moscow All-Union Petrolcum Scicn-
tific Rescarch Institute recognized the scriousness of
the paraffin problem and recommended heating all
inicction water. However, the Kazakh fnstitute for
Design and Planning of Establishments of the Petro-
Icum Industry, primarily concerned with mccting
short-term production goals, ignored the recommen-
datlons. We huve scen this pattern repeated frequent-
ly in the Sovict oil industry, most recently at scveral

foer—

major oilficlds in West Siberia. 1ad the West Siberi-
an ficlds not been less complex and thoir oil of lower
paraffin content, production would have been more
signiflcantly diminished there also

By 1969 the large-scalc injection of cold saltwater had
caused other negative side cffects. Salts dissalved in
the untreated injection: water interacted with the
rescrvoir fluids to produce corrosive and noncorrosive
deposits on the insides of well tubing, surface cquip-

. ment, and pipelines. This further decreased lifting

capabilitics and complicated mrintenance of surfacc
facilitics. The corrosion problem was compounded by
the presence of highly toxic hydrogen sulfidc in the
crude oil gas. According to Sovict litcrature, the
improper treatment of this gas resulted in cxtensive
damage to ficld production cquipment and pipclines.

Correcting the Damage

1lhc .

" Sovicets havc; : \cknowicagcd (nat tnc empha-
sis on mecting large, carly procduction goals led to the

ill-conceived devclopment plan and actually shortened
the lifespan of the Uzen reservoirs. Thus, most of the
activity at the ficld during the past 10 vcars has been
to remedy previous crrors in order 10 recover as much
oil as possiblc. Desulfurizing facilitics were completed
at the main gas processing plant in 1980 to limit
corrosion buildup in the pipglincs and cquipment, and
injection water is now desalinized at Shevchenko
before it is piped to Uzen and injected. The Soviets
have also been attcmpting a variety of enccialized
recovery techniques for the ficlc

Hot Water Injection. The Sovicts arc row concentrat-
ing their cfforts on hot water injcction, both to limit
corrosion and paraffin damagc and to improve the
ability of the injection water '~ <weep the oil to the
production wclls. We know C that,
to datc, this experimentation has been success ul
neither in checking the paraffin accumulation nor in
reversing the buildup. Stow implementation is part of
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the problem. According to Sovict literature, six ycars
alter work with hot watcr injection began, only 10 to
15 percent of the injection water was hcated. By the
time hot water injection recelved the needed develop-
ment priority, the buildup of paraffin had become too

proflusc to counter the ifl effects of the cold water
injcction

We do not belicve that the hot water injection would
have significantly increascd the movement of oil to
production wells. At rescrvoic temperaturce and pres-
sure, Uzen's oil is alrcady in the normat range for
dcensity (35° API) and viscosity (3 to 4 ccatipoisc). A

- thermal mcthod, such as hot watcr injcction, has littlc
cffect on the viscosity and, thus, the mobility of this

_type of ail. Our analysis indicates that the only real
benefit from the hot water injection would probably
be a rcduction in the paraffin plugging in arcas
adjacent to the injection wells that had carlicr rc-
ccived most of the cold injection water. Alleviation of
the plugging problem around these wells would in-
crcasc waler injection rates but would not sxemﬁcam-
ly change production ratee

There arc other significant disadvantages to & hot
waler injection program at Uzen. The equipiacnt is
rclatively costly and the heaters cach consume fucl :g
the rate of 50 1o log nd &

o Bascd on Sovict reports
and our analysis, watcr-scaling problems with the
heaters have ulso added to the operational difficulties.
Altogether then, our analysis sugges.. that the Sovi-
ots' lack of success with hot water injection will
continue. Oncc paraffin is deposited, a much higher
temgeraturc than the deposition temperature is re-
Quired to melt the paraffin and return it to solution.
We do not belicve the Sovicts will be able to gencrate
cnough thermatl cnergy by any currently available
cconomic method to reverse the deposition process

and clcan up the damaged Uzen rescrvoirs.
- . :

Stecam I[njection. L B lrcport that the
Sovicts recently attempted to purchase US-designed
and Japanesc-built stcam gencrators and pipcline
cquipmecnt for a stcam-injection project at Uzen.

M,———

According (@ these sourccs, the Savicts prcd (o usc
stcam (0 boost production up to 80 percent over the

* present rate

Enginccring :mniysis-\which wc have undertaken indi-
catcs that a stcam-injection program would decrease
the amount of paraffin around injcction wells but
would offcr only ncgligiblc improvement in the overall
mobility of oil through the reservoir to preduction
swells. Morcover, a stcam-injection program requirces

- closely and cvenly spaced wells to achicve good

results. The Soviets would find it extremely expeasive
to change Uzen's icregular well patteen and cstab-
lished water-injection rows to an cfficicnt stcam pat-
tern. Such a project would Iavolve conversion of some
producing wclls to injcction wells and a massive
drilling program to cven out the well spacing. The
longer the Soviets delay in beginning the conversion—
and they have yet to start—thc less its benefits will be
relative to the remaining producuvc lifespan of the
ficld.

Theree arc other engincering reasons why stecam injec-
tion is inappropriate for Uzea. Injccting stecam into
reseevoirs deeper than 900 meters has questionable
cngincering advantages. The heat of the steam natu-

" rally dissipatcs as it travels through the well borc; by

the time the stcam would reach a deep reservoir,
much of it would have condcnsed. Because Uzen's
main pay zoncs, at depths of 800 to 1,200 meters, arc
at the low end of the heat cffectivencss range, the nct
cffect would probably be no better than for normal
hot water injection, which has alrcady proved incffcc-
tive at Uzen. In addition, because of the greater
diflcrence in deansity between (he oil and the steam,
the stcam would also tend to bypass the oil, moving
less of it than cven hot water would move. Finally,
although hot watcr hcaters require a great deal of fucl

oil to run. stcam gencrators requirc cven morc.
! ) \

In March 1982 the Sovicts suspended cfforts 1o abtain
Western stcam gencrators and insulated pipe for
Uzen, reportedly becausc of hard currency probleimns.

6




In our judgment, it is morc likely thuat they have
rc‘cv,:\lunlcd the potential for steam inicction and
discarded it as an option

Polymer Iniccrinn. Decpite promising cxperimental
results, C ) indicate that the Sovicts have
also abandonca polymcr injcction as a rcalistic recov-
cry option at Uzcen. The problem is that sufficient
amounts of the csscntial equipmicnt and chemicals arc
cxpensive and arc available primarily in the West.
Adding polymecrs to injection water would thicken the
water, cnabling it to push more oil toward the produc-
tion wells. This could increase recovery efficiency and
‘reduce the amount of injection watcr required. The
Sovicts limitedly tested various chemicals at Uzen
from 1975 to 1977, reportedly with good results. But
cven if enough cquipment were procured, the Sovicts
could not usc {ull-scale polymer injcction 1o produce
the ficld until a source of supply had been cstablished
for the large volumes of polymers nceded. This they
have yet to do.! Morcover, polymer injection is ¢
sophisticated, costiy, and risky technique; in the past,
the Ministry of Pctroleum Indusiry has gcnerally
avoided the widespread usc of such an uncertain
procedurc. _
Gus Lifr. Gas lift has given better results than any
ather recovery technique tried at Uzen. The Soviets
'used an indigenously designed system for most of the
oil produced in 1981 at the ficld. A gas-lift system
tnjects compresscd gas into the well bore, lightening
the fluid column and increasing the rate of fluid
production. Though it will nat significantly incrcasc
total oil recove-- ** can sharply increasc daily produc-
tion ratcs

Expcrimentation with the gas-lift system began at
Uzen in 1969 and rccovery cfficiency increased itnme-
diatecly. The systcm was rapidly cxpanded, and by
1975, gas-lift wclls were producing approximatcly 60
pereent of Uzen's ail (averaging more than 500 b/d
per wel with 25 pereent water cut). At that time the
Sovicts claimed to be converting approximatcly 170

cL )

wells (o gas lift™¢ach year. E . -)
about 30 pércg:m of all proucuuy: weus arc on gas
Jift. C = " *he Sovicts plan 1o
cxpand thc cxisting systcm ana have rcceatly con-
tracted with a French firm for the cquipment.

The operation of the gas-lift network at Uzen has

"been continually plagued by paraffin deposition in the

well bares and corrosion in the gas lines and cquip-
ment. In 1974 a change in gas source from the Tenge
ficld 1o the Kazakh Gas Refinery caused further

.complications in the gas-lift process. The rcfined gas

containcd a much higher concentration of impuritics-
and watcr than the systcm could tolerate, and the
lower gas temperature also causcd oncorrosive de-
posits to restrict flow in the gas lincs. We know from
Sovict litcrature thal, of the various mcasurcs taken
to improve the conditions, the usc of chemicals as
corrosion inhibitors has proved most effective.

Productlon Forecast

To estimate the futurc contribution of Uzcen to Sovict
national vil supplics, wa cvaluated both'a ‘base case
and a best case scenario (figure 4). The basc casc
assumics a continuation of the current ficld devclop-
mient strategy” with no tnajor changes in operating
practices. That is, conventional pump-lifting mcthuds

- would predominatce, the network of gas-lift wells

would not exceed approximately 30 percent of the
total number of .vells in usc, and limited experimenta-
tion with hot water injection would continue, Under
this scenario, a decline curve analysis reveals that
Uzen’s production will continuc to drop by somc 10
perceni annually, to approximately 120,000 b/d by
1985 and to 25,000 b/d by the ycar 2000. Expected
ultimate oil recovery would he about 25 pereent of
original oil in place.

The best case, which postulates an expandced gas-lift -
program, represents the maximum the Soviets can
rcasonably expect to accomplish at Uzen. This scenar-
io assumcs the refurbishment of the existing gas-lift
well network and the conversion of somce SO conven-

-tional wells annually to gas lift through 1984, with no
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Figurc 4

Uzen Ollficld:- Oll Production History and Forciast - . L.
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" cnange 1 wie wnal count of working wells. This
sccnario, which appears 1o be what the Sovicts are
now trying to do, docs not include additional thermal
opcrations because we belicve they would not be
cffcctive. Qur declinc curve analysis in this scenario
indicatcs that production at Uzen would drop to about
150,000 b/d in 1985, dccrcasc to some 90,000 b/d by
1990 and to 30,000 b/d by thc ycar 2000. Expccied
ultimatc oil recovery would be ap~roximatcely, 27
percent of original oil in placs.

N
C_ ,) havce told us that during 1981 the
Sovicts planncd to install ncw compressor facilitics
and add morc gas-lift wells to the present systcm.
Uzen's producing wells are alrcady at optimum densi-
ty, howcver, making it unlikely that a large number of

_Seert——

new wells would be drilled to expand the gus-Jift
system, but rather that the existing wells would be
converted.

As indicated in the oil production forecast, we belicve
that an cxpansion of the gas-lift system at Uzen would
rcsult in a temporary production incrcasc. Production
would be slightly higher than the base casc but still
decline at approximately the same ratc; and ultimatc
oil recavery would be only 2 percentage points higher.
Thus, in light of the incffectivencss of stcam und the
polymer supply problem, there is Yierle +he Soviets can
do to alter the fate of Uzen. :




Lcsson; Icamed—And l‘.io: Learned

The Sovicts have learned a painful but uscful lesson
from their development errors at Uzen oilficld. The
cucrent costly and largely unsuccessful attempt to
maintain production at this once-premising giant has
driven home the importance of instituting an cffective
ficld development program in the carly stages. That
the Soviets have learned at lcast this much is evident
. in their atiempt to implement sysicmatic thermal
recovery programs at Kalamkas and Karazhanbas,
the ncighboring ficlds on Mangyshlak Oblast's

. Buzachi Pchinsuls

At the same time, however, the institutional and
tcchnical shortcomings of the Sovict oil industry
appear to be limiting the full application of this '
cxperience. The Sovicts, for cxample, are currently
attempting to purchasc a varicty of expensive Western
recovery processes for Uzen, much of which is inap-
propriate for usc at the ficld. And despite somewhat
better initial planning, cven Kalamkas and
Karazhanbas were put on line in a hasty manner in
ordcr to start production as soon as possible and at
any cost

Outside of Kazakhstan, the lessons of Uzen uppear to

have had ¢ven less impact. Our continuing analysis of

key Soviet oilliclds reveals that, most notably in oil-
rich West Siberia, Sovict ficld managers continue to
apply hasty and sometimes ill-conccived ficld develop-
ment practices—often against the advice of their own
scicntific experts. The end result of this is that the
Soviets arc trading lurger, stable oil rccovery in favor
of high but shorter lived production rates. With
growth in Sovict oil production at a necar standstill,
howcver, the truc cost of this trade-off mav now be
becoming cven more apparcnt




